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(54) PRODUCTION OF SILICON CARBIDE SINGLE CRYSTAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method 
suitable for producing a large-sized silicon carbide(SiC) 
single crystal. 

SOLUTION: A raw material containing at least one 
element of the transition metals, Si and C is heated 
using a heater 22 and the molten liquid 23 is obtained. 
The silicon carbide single crystal 29 is deposited and 
grown by cooling the molten liquid 23. Or, the silicon 
carbide single crystal 29 is obtained by melting the raw 
material containing at least one element of the transition 28 
metals, Si and C to obtain molten liquid, then forming 
temp, gradient in the molten liquid, bringing the molten 
liquid into contact with a seed crystal 26 of silicon 
carbide at the low temp, part of the temp, gradient and 
depositing and growing the silicon carbide single crystal 29 on the seed crystal. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the silicon carbide monocrystal characterized by carrying out 
deposit growth of the silicon carbide monocrystal by cooling the temperature of said melt in the 
condition of the melt of temperature lower than the liquidus line of this melt while fusing the raw 
material which contains a kind of element of the transition metals, and Si and C at least, considering as 
melt and contacting the carbonization silicon seed crystal of a single crystal to said melt. 
[Claim 2] The manufacture approach of the silicon carbide monocrystal characterized by carrying out 
deposit growth of the silicon carbide monocrystal at said seed crystal by fusing the raw material which 
contains a kind of element of the transition metals, and Si and C at least, considering as melt, and 
forming a temperature gradient in said melt, and contacting the silicon carbide seed crystal of a single 
crystal in the low-temperature section of said temperature gradient. 

[Claim 3] It is the manufacture approach of the silicon carbide monocrystal characterized by including 
the liquidus-line temperature of a presentation of said raw material in the manufacture approach of 
silicon carbide monocrystal according to claim 2, as for said temperature gradient. 
[Claim 4] Said raw material is the manufacture approach of the carbon silicon crystal characterized by 
being the presentation which has the phase with which the liquid phase and SiC solid phase balance by 
the specific temperature requirement in the manufacture approach of silicon carbide monocrystal 
according to claim 1 or 2, and coexist. 

[Claim 5] It is the manufacture approach of the silicon carbide monocrystal characterized by said 
transition metals being the elements of a VIII group, an IVb group, Vb group, and a VIb group in the 
manufacture approach of silicon carbide monocrystal according to claim 1 or 2. 
[Claim 6] It is the manufacture approach of the silicon carbide monocrystal characterized by said 
transition metals being Fe, Co, nickel, Ti, V, Zr, Nb, Hf, Ta, Cr, Mo, and W in the manufacture 
approach of silicon carbide monocrystal according to claim 5. 

[Claim 7] It is the manufacture approach of the silicon carbide monocrystal characterized by said 
transition metals being Mo, Co, and Cr in the manufacture approach of silicon carbide monocrystal 
according to claim 6. 

[Claim 8] It is the manufacture approach of the silicon carbide monocrystal characterized by said raw 
material consisting of a kind of element of said transition metals, Si and C, and an impurity not more 
than lmass% at least in the manufacture approach of silicon carbide monocrystal according to claim 1 or 
2. 

[Claim 9] Said silicon carbide monocrystal which deposits in the manufacture approach of silicon 
carbide monocrystal according to claim 1 or 2 is the manufacture approach of the silicon carbide 
monocrystal characterized by being 3C-silicon carbide monocrystal. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is concerned with the manufacture approach of silicon carbide 
monocrystal, and relates to the manufacture approach of a large-sized bulk single crystal in the good 
quality for producing the substrate wafer for an optical device or electron devices especially. 
[0002] 

[Description of the Prior Art] It is very stable thermally [ silicon carbide (SiC) ] and chemically, and 
since it has the outstanding thermal resistance, high thermal conductivity, high insulating electric field, 
and a big saturation electronic rate, research is further advanced as a RF component ingredient as the 
device ingredient which operates under hot environments, and an environmental-proof component 
ingredient borne also under elevated-temperature high pressure. Moreover, since the band gap of silicon 
carbide is large, it attracts attention as a short wavelength light emitting device ingredient. 
[0003] Some crystal structures (polymorphism), such as hexagonal system, cubic system, and 
monoclinic system, exist in silicon carbide. Since the band gap is as large as about 3eV, among these 
especially the 6H-silicon carbide monocrystal of hexagonal system and 4H-silicon carbide monocrystal 
are used as a light emitting device ingredient of blue LED. Moreover, the 3C-silicon carbide 
monocrystal of cubic system has the high symmetric property of a crystal, and since electronic passing 
speed is also large, it attracts attention as a semiconductor device ingredient which operates at high 
speed. 

[0004] Conventionally, as the growth approach of the single crystal of silicon carbide (SiC), vapor 
growth, the Acheson process, and the liquid-phase-epitaxial method (LPE law) are learned. 
[0005] As vapor growth, the sublimating method and the chemical reaction depositing method (CVD 
method) are used. It is the approach of using silicon carbide (SiC) powder as a raw material, making an 
elevated temperature sublimating this by the sublimating method, and depositing a single crystal in the 
low-temperature section. The CVD method is used as a grown method of a SiC single crystal thin film. 
[0006] An Acheson process is an approach of carrying out pyrogenetic reaction of the silica to carbon, 
and obtaining a single crystal. The Acheson process is used in order to obtain the SiC single crystal as 
abrasive materials industrially. 

[0007] The LPE method is an approach of making it reacting with silicon and carbon at an elevated 
temperature, carrying out melting of the carbon into the silicon solution in a crucible, and carrying out 
deposit growth of the silicon carbide on the seed crystal arranged in the low-temperature section, by 
fusing silicon within this crucible using the crucible which consists of an ingredient (generally graphite) 
containing carbon. 

[0008] However, it is known that various lattice defects, such as a micro pipe and a stacking fault, exist 
in the single crystal produced by the above-mentioned sublimating method. The cause which various 
lattice defects generate by the sublimating method is considered as follows. At the time of sublimation, 
silicon carbide (SiC) serves as Si, SiC2, and Si2C, and is evaporated. Moreover, a graphite member is 
also evaporated. For this reason, it is difficult to control these partial pressure of gas to stoichiometric 
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composition, and the phenomenon in which an element or a molecule deposits superfluously within a 
crystal arises. It is thought that this serves as a lattice defect. Moreover, in order to concern crystal 
growth conditions and polymorphism transition closely by the sublimating method, it is difficult to 
reconcile lattice defect control and polymorphism control. Furthermore, if it is going to manufacture a 
SiC single crystal industrially by the sublimating method, a series of process control of sublimation, 
transportation, and a deposit is difficult. 

[0009] Moreover, in order to supply a raw material by gas in a CVD method, there are few amounts of 
feeding and it is difficult to grow up a bulk single crystal. 

[0010] Moreover, an Acheson process has many impurities in a raw material, and high-grade-izing is 
impossible. Moreover, in an Acheson process, a large-sized crystal cannot be made easily. 
[001 1] On the other hand, there are comparatively few lattice defects and polymorphism transition 
cannot produce easily the silicon carbide crystal produced by the LPE method, since [ however, ] the 
amount of dissolutions of the carbon to the inside of a silicon solution is low - LPE - the rate of crystal 
growth of law is very slow. For this reason, if it is going to grow up a bulk crystal, growth will take 
great time amount and the crystal deposit to locations [ exhausting / a crucible ] other than seed crystal, 
generation of polycrystal, etc. will pose a problem. LPE since it is such — although it is used in order 
that law may form a thin film on a single crystal substrate, it is unsuitable for growth of a bulk single 
crystal. 

[0012] In addition, as an approach of growing up the silicon carbide (SiC) single crystal of bulk, by 
insulating and heating the perimeter of the crucible containing carbon, JP,7-172998,A is made to 
dissolve the carbon of a crucible in silicon melt, and the method of growing up silicon carbide 
monocrystal into the seed crystal contacted to the melt side is indicated. 
[0013] 

[Problem(s) to be Solved by the Invention] the manufacture approach of silicon carbide monocrystal 
given [ above-mentioned ] in JP,7- 172998, A - the conventional LPE - although there is an advantage 
that the crystal deposit to locations other than seed crystal, generation of polycrystal, etc. are controlled 
as compared with law, a limitation is in the amount of the carbon which may dissolve in silicon melt — 
LPE — it is as unchanging as law. Therefore, a limitation is to enlarge the rate of crystal growth. 
[0014] This invention aims at offering the manufacture approach suitable for manufacturing a large- 
sized silicon carbide (SiC) single crystal. 
[0015] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, according to this 
invention, the manufacture approach of the following silicon carbide monocrystal is offered. 
[0016] That is, while fusing the raw material which contains a kind of element of the transition metals, 
and Si and C at least, considering as melt and contacting the carbonization silicon seed crystal of a 
single crystal to said melt, it is the manufacture approach of the silicon carbide monocrystal 
characterized by carrying out deposit growth of the silicon carbide monocrystal by cooling the 
temperature of said melt in the condition of the melt of temperature lower than the liquidus line of this 
melt. 
[0017] 

[Embodiment of the Invention] The gestalt of 1 operation of this invention is explained. 
[0018] If silicon carbide (SiC) is heated, since sublimation and decomposition will be produced and the 
melt of a SiC presentation will not be obtained, a SiC single crystal cannot be grown up from SiC melt. 
So, in this invention, deposit growth of the SiC solid phase is carried out from the melt using the 3 yuan 
system ingredient which added the third element to the SiC presentation. The ingredient with which the 
phase which the liquid phase and the SiC solid phase of 3 yuan balance as . a system ingredient 
specifically exists is used. Here, the phase which the liquid phase and the SiC solid phase of a system 
ingredient of 3 yuan balance means the phase (for example, phase 101 of drawing 1 ) which the liquid 
phase and the SiC solid phase of a system ingredient of 3 yuan balance, and lives together. If this 
balancing phase is heated, it will become the liquid phase ( drawing 1 liquid phase 102) of that 
presentation. 
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[0019] It can become the phase which the liquid phase and SiC solid phase balance, SiC solid phase can 
deposit, and such a 3 yuan system can obtain a SiC crystal, if it cools after heating and considering as 
the liquid phase. Moreover, if seed crystal is arranged, SiC solid phase can be deposited on seed crystal, 
and the bulk single crystal of SiC can be grown up. 

[0020] Artificers found out transition metals, as a result of looking for the third element which 
constitutes the system of the 3 above yuan by combining with SiC. Transition metals and the 3 yuan 
solution (melt of the liquid phase of a 3 yuan system) of Si and C can balance SiC solid phase, and can 
deposit SiC solid phase as mentioned above. Moreover, also in the 3 yuan system of transition metals, 
and Si and C, in order to perform crystal growth easily, what has the low melting point of a 3 yuan 
solution is desirable. Moreover, in order to stabilize the presentation of a solution of 3 yuan, it is 
desirable that it is an element with the low vapor pressure of the transition metals of a 3 yuan system 
solution. When the transition metals as the third element are chosen from such a viewpoint, the element 
of a VIII group, an IVb group, Vb group, and a VIb group is desirable. Furthermore, the inside Fe, Co, 
nickel, Ti, V, Zr, Nb, Hf, Ta, Cr, Mo, and W of a VIII group, an IVb group, Vb group, and a VTb group 
is desirable, and Mo, Cr, and Co are desirable especially. 

[0021] The 3 yuan system of Mo-Si-C is explained as an example here. The Mo-Si-C presentation 
located on the line which connects a SiC presentation and MoSi2 presentation in the 3 yuan system of 
Mo-Si-C shows a state diagram like drawing 1 . That is, SiC and MoSi2 show an eutectic reaction by the 
eutectic point 1, and they have the phase 101 with which SiC solid phase and the liquid phase balance 
and coexist between SiC solid phase and the liquid phase 102 by the presentation by the side of high SiC 
from the eutectic presentation CE. Therefore, if the solution 3 of this presentation is cooled, SiC can be 
deposited as a primary phase at the temperature TO on the liquidus line 103. 
[0022] In addition, although the state diagram of drawing 1 was a 3 yuan system which shows an 
eutectic reaction, the 3 yuan system which deposits SiC solid phase by the approach of the gestalt this 
operation is not necessarily limited to what shows an eutectic reaction. What is necessary is just the 
system in which the phase with which the liquid phase and SiC solid phase balance and coexist even if it 
is the 3 yuan system which may be a system and does not produce further these reactions of 3 yuan 
which shows peritectic transformation and a monotectic reaction exists. For example, if a solution 5 is 
cooled in the case of the 3 yuan system (TM-Si-C:, however TM show transition metals) which shows 
peritectic transformation as shown in drawing 2 , SiC deposits as a primary phase at the liquidus-line 
temperature Tl. 

[0023] In addition, in case SiC solid phase deposits in drawing 1 and drawing 2 , it is usually 
accompanied by supercooling. Therefore, in case a temperature gradient is formed in a raw material 
solution, it is necessary to make it the temperature requirement in consideration of supercooling. For 
example, like drawing 3 , although liquidus-line temperature is T3, the solution 8 of presentation CO 
arranges the raw material solution 8 under the temperature gradient of the temperature requirement of 
T3 to T four near the temperature of the liquidus line 103, when accompanied by supercooling 
deltaT=T3-T four at the time of a SiC deposit. Seed crystal is arranged in the low-temperature section of 
temperature T four of a solution. The mimetic diagram which expanded some pseudo-binary diagrams 
of SiC and TMSi2 to drawing 3 as an example is shown. The solution 8 of presentation CO is put on the 
bottom of the temperature gradient in the temperature requirement of T5 from temperature T four. In 
addition, at the time of a deposit, it is accompanied by supercooling (deltaT=T3-T four). Seed crystal is 
held at temperature T four. 

[0024] In the manufacture approach of this invention, the low-concentration (preferably lmass% less 
than) impurity may contain in the raw material of a 3 yuan system. Even if the impurity contains in the 
raw material in many cases, a SiC single crystal can be grown up without affecting crystal growth. 
Moreover, since it is doped by that the element is incorporated by the SiC single crystal depending on 
the class of element of an impurity, it is possible to also make a SiC single crystal contain an impurity 
intentionally. For example, when a solution is made to contain aluminum and B as an impurity, these are 
doped by SiC and SiC can be used as a p type semiconductor. Moreover, SiC can be used as a n-type 
semiconductor when a solution is made to contain N as an impurity. In addition, in order to dope in a 
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SiC single crystal by using N as an impurity, the approach of arranging a raw material solution besides 
[ which makes N contain in a raw material ] an approach in N2 gas ambient atmosphere can be used. 
[0025] in addition, the amount of the effectual silicon carbide with which the manufacture approach of 
the SiC bulk single crystal of the gestalt this operation is included in a solution — the conventional LPE - 
- as compared with law, it can be made [ many ]. For this reason, it is possible to enlarge a growth rate 
comparatively and it is suitable for manufacture of a bulk single crystal. Moreover, since the approach of 
the gestalt this operation is not an approach of using the carbon which it begins to untie from a crucible, 
it can set the presentation of a raw material to arbitration first, and can perform a design and setup of a 
raw material or growth temperature easily. Moreover, since the raw material presentation with low vapor 
pressure can be chosen, it can control that a SiC crystal grows up to be locations other than seed crystal. 
Thus, since the manufacture approach of the gestalt this operation can manage crystal growth conditions 
comparatively easily, it is suitable also for mass production method. 

[0026] Moreover, although the explanation mentioned above explained the raw material which contains 
a kind of transition metals, and Si and C of 3 yuan as a system raw material, the transition metals 
contained in a raw material are not limited to a kind of element, and can be used as the raw material 
containing two or more sorts of transition metals. For example, the Mo-Co-Si-C system which contains 
Mo and Co as transition metals, and the Mo-Cr-Co-Si-C system raw material which contains Mo, and Cr 
and Co as transition metals can be used. 

[0027] Hereafter, the manufacture approach of the SiC bulk single crystal of the gestalt this operation is 
explained concretely. 

[0028] First, the configuration of the manufacturing installation used for the manufacture approach of 
the silicon carbide monocrystal of the gestalt this operation is explained using drawing 4 . 
[0029] The manufacturing installation of the gestalt of this operation is equipped with a chamber 20, and 
is installing the crucible 21 of carbonaceous in this chamber 20. The interior of a crucible 21 is filled up 
with transition metals and the raw material which consists of Si and C. About the presentation of a raw 
material, it mentions later. As for the perimeter of a crucible 21, heating apparatus 22 is arranged. This 
heating apparatus 22 is classified in the vertical direction in two or more steps, and is a controllable 
configuration about the temperature of each partition. 

[0030] The seed electrode holder 24 which consists of polycrystal SiC above a crucible 21 is attached in 
the motor 25 so that rotation and rise and fall may be attained. Moreover, the seed crystal 26 of a SiC 
single crystal is attached in the lower limit of the seed electrode holder 24. In order to measure the skin 
temperature of a raw material which was furthermore heated in the equipment upper part and became a 
solution 23, the emission pyrometer 27 is installed. Moreover, the thermocouple 28 for measuring the 
temperature of a crucible 21 is installed in about 21 crucible. 

[0031] With the gestalt of this operation, the SiC single crystal of three kinds of the following table 1 of 
3 yuan was grown up from the sample of a system raw material. Sample No. 1 is the 3 yuan system raw 
material of Mo-Si-C with which 31at(s).% and Si were mixed by 66at(s).%, and it mixed C for Mo at a 
rate of 3at(s).%. Sample No.2 are the 3 yuan system raw material of Cr-Si-C with which 54at(s).% and 
Si were mixed by 23at(s).%, and they mixed C for Cr at a rate of 23at(s).%. Sample No.3 are the 3 yuan 
system raw material of Co-Si-C with which 29at(s).% and Si were mixed by 65at(s).%, and they mixed 
C for Co at a rate of 6at(s).%. The phase 101 to which the system solution of 3 yuan balances SiC solid 
phase as shown in the state diagram of a 3 yuan system raw material of Mo-Si-C of sample No.l at 
drawing 1 exists. Moreover, the phase 101 to which the system solution of 3 yuan balances SiC solid 
phase exists also in the state diagram of two kinds of other 3 yuan system raw materials. 
[0032] 
[Table 1] 
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[0033] Next, an approach to manufacture the bulk single crystal of a 3 yuan system raw material to 
silicon carbide of Table 1 is explained using the above-mentioned crystal manufacturing installation. 
[0034] First, after being filled up with a raw material in a crucible 21 and making the inside of a 
chamber 20 into a vacuum after that, the inside of a chamber 20 is pressurized more than atmospheric 
pressure or it as rare-gas ambient atmospheres, such as Ar. A raw material is fused with heating 
apparatus 22, and the 3 yuan system melt 23 of a transition element, and Si and C is formed. When melt 
23 becomes a temperature requirement with a growth temperature of ** 100-1 50 degrees C shown in 
Table 2, the seed crystal 26 which is the silicon carbide of a single crystal without driving a motor 25 
and heating it specially is dropped, and melt 23 is made to contact. The depth of contact was made into 
extent in which seed crystal 26 is damp in melt 23. In addition, sample No. described in Table 2 
corresponds with sample No. of Table 1. Moreover, it is temperature low about 50-100 degrees C, and 
among three samples, the sample No.Mo-Si-C system raw material of 3 yuan of 1 is the most expensive, 
and the growth temperature of Table 2 has it by sample No.Co-Si-C the system of 3 yuan of 3. [ lowest 
than the temperature of the liquidus line 103 of each raw material ] 
[0035] 
[Table 2] 
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[0036] It is left for a while until the temperature of melt 23 turns into growth temperature, and the front 
face of seed crystal 26 is dissolved slightly, and a surface distortion and a surface oxide film are 
removed. It is made for a 30-120-degree C temperature gradient to arise in the upper part and the lower 
part of melt 23 at this time. Then, it grew up [ while holding the temperature of melt 23 uniformly, and ] 
for about 100 hours, rotating seed crystal 26. Consequently, either of three sorts of sample raw materials 
was also able to obtain the SiC bulk single crystal 29 of the diameter of several cm. 
[0037] If the seed electrode holder 24 is made into the Czochralski method which raises the rate of 
crystal growth by whenever [ 1 in all fixed-speed ] and to pull up by the motor 25 at this time, a crystal 
can be grown up effectively. Since the growth side approaches the base of a crucible 21 in connection 
with crystal growth in not making it the Czochralski method but growing up a big single crystal, heating 
of heating apparatus 22 is controlled and a temperature gradient is formed so that the temperature of a 
growth side may always serve as near growth temperature. 

[0038] In addition, the growth rate was 200 - 800 micrometer/h on the average, although it was 
dependent on the temperature gradient of melt 23. Since the melt 23 of sample No.3 has low growth 
temperature, temperature control is easy, moreover, its vapor pressure is also low and there is little 
presentation fluctuation of melt 23. Therefore, the melt of sample No.3 was the most stable of three 
kinds of the samples. 
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[0039] Moreover, as compared with the single crystal which produced the SiC bulk single crystal 
obtained by the manufacture approach of the gestalt this operation by the sublimating method, defect 
density was about 1/100, and was quality. Furthermore, the silicon carbide (SiC) single crystal produced 
by the approach of the gestalt this operation did not have polymorphism transition, and was a cubic 3C- 
silicon carbide crystal. 

[0040] As mentioned above, by using the manufacture approach of the gestalt this operation, a lattice 
defect consistency is small and a comparatively big silicon carbide bulk single crystal without mixture 
of a polymorphism can be produced with an effectual growth rate. This becomes reducible [ the cost in 
connection with manufacture and energy ], and the mass production of a SiC single crystal is attained. 
[0041] 

[Effect of the Invention] According to this invention, it can ** offering the manufacture approach 
suitable for manufacturing a large-sized silicon carbide (SiC) single crystal. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The explanatory view showing the state diagram of the presentation on the line which 
connects SiC and MoSi2 among the presentations of the 3 yuan system raw material of Mo-Si-C used by 
the SiC single crystal manufacture approach of the gestalt 1 operation of this invention. 
[Drawing 2] The explanatory view showing the state diagram of the presentation on the line which 
connects SiC and TMSi2 among the presentations of the 3 yuan system raw material of TM-Si-C (TM: 
transition metals) used by the SiC single crystal manufacture approach of the gestalt 1 operation of this 
invention. 

[Drawing 3] The explanatory view showing what expanded some state diagrams of drawing 2 . 
[Drawing 4] The explanatory view showing the configuration of the manufacturing installation used by 
the SiC single crystal manufacture approach of the gestalt 1 operation of this invention. 
[Description of Notations] 

1 — eutectic point, the 3 yuan solution of 3 --Si-C-Mo, and 5 — the 3 yuan solution of TM-Si-C, the 3 
yuan solution of 8 -TM-Si-C, 20 - chamber, and 21 — a crucible, 22 — heating apparatus, a 23 -TM- 
Si-C solution, and 24 - a seed electrode holder, 25 — motor, 26 — seed crystal and 27 — the phase which 
an emission pyrometer, 28 — thermocouple, 29 — silicon carbide monocrystal, a 101—3 yuan system 
solution and SiC solid phase balance, and 102 — the liquid phase, the 103 — liquidus line, and 104 — 
solid phase. 
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